Icariin, the main active ingredient of Epimedium, has played an important role in bone anabolism. However, the molecular mechanism for this effect was not convincingly reported yet. In this paper, the role of icariin on cell morphology, viability, cell cycling and the activity of alkaline phosphatase (ALP) were studied, and the molecular mechanism of icariin induced osteogenic effect was also investigated. Icariin with different concentrations (10, 20 and 40 ng/ml) was used to modify the pre-osteoblastic MC3T3-E1 cells for 48, 72 and 96 h, and the proliferation, morphology, and the cell cycle of the cells were evaluated by Cell Counting Kit-8 (CCK-8), microscopy and flow cytometry, respectively. Bone morphogenic protein-2 (BMP-2), bone morphogenic protein receptor-2 (BMPR-2), Smad4, Smadl/5/8 proteins expression levels were obtained by Western blotting and the expression levels of runt-related transcription factor 2 (Runx2) mRNA was examined by reverse transcription-polymerase chain reaction (RT-PCR). In this study, we found that icariin could promote the proliferation and differentiation of MC3T3-E1 cells in a dose-and time-dependent manner. Icariin could stimulate the expression of the BMP-2, BMPR-2, Smad4 and Smadl/5/8 proteins.
Introduction
Aging-associated diseases have become a global challenge increasing the healthcare costs and lowering the quality of life. Osteoporosis, especially the postmenopausal osteoporosis (PMO) is a typical aging-associated disease and normally coexists with hypogonadism [1] . It becomes a significant issue with over 200 million people suffered worldwide [2] . Bisphosphonate is considered as a corner stone treatment for osteoporosis but recent research showed bisphosphonate may not significantly lower the fracture risk in a long treatment (> 5 years) [3, 4] . Alternatively, hormone replacement therapy (HRT) is an effective method to prevent postmenopausal osteoporosis [5] . However, the side effect of HRT is a major problem, such as the higher risk to cause breast cancer, heart disease, stroke and pulmonary embolism [6] . Therefore, it is urgent to find safe and effective drugs to mitigate and treat osteoporosis.
Icariin (C33H40O15; molecular weight, 676.67) is an important component in Herba epimedii, which has been used in Chinese herbal medicine to treat osteoporosis for centuries [7, 8] . Our previous study found that icariin was potentially a novel therapeutic ingredient for fracture recovery in postmenopausal osteoporosis [9] . In addition, numerous studies have shown that icariin has anti-osteoporosis effect by stimulating bone formation as well as suppressing bone resorption [10] [11] [12] . However, the molecular mechanism has not been fully elucidated. Cao et al. [13] and Yin et al. [14] suggested that icariin might exert its osteogenic effects through the production of BMP-2 in osteoblasts. Zhou et al. [15] reported that icariin played a critical role in differentiating MC3T3-E1 osteoblastic cells in vitro, possibly by promoting Smad1 and Smad5 production in osteoblasts. Furthermore, studies also demonstrated that icariin stimulated osteogenesis by promoting Runx2 expression in vitro [16, 17] . Taken together, we hypothesized that icariin could promote the expression of BMP-2 to activate the BMP-2/Smads/Runx2 signaling pathway to induce bone formation.
Therefore, we investigated the role of icariin on cell morphology, cell viability and alkaline phosphatase (ALP) viability. We also studied the effect of icariin on BMP-2, BMPR-2, Smad4 and Smadl/5/8 proteins and the Runx2 mRNA expression in MC3T3-E1 cells, which were involved in BMP-2/Smads/Runx2 signaling pathway.
Materials and methods

Reagents and Cell culture
Icariin was obtained from the National Institutes for Food and Drug Control (Beijing, China) with a purity of 99%. Icariin powder was dissolved in dimethylsulfoxide (DMSO; Sigma, St. Louis, MO, USA) and kept at -20 ˚C before use. The test solutions of icariin (0, 10, 20 and 40 ng/ml) were prepared from the stock solution by dilution with the culture medium. MC3T3-E1 cells were obtained from the Institute of Biochemistry and Cell Biology (Shanghai, China) and maintained as reported. Primary antibody BMP2 (ab14933), BMPR2 (ab96826), Smad4 (ab40759) were from Abcam (Cambridge, MA, USA) and primary antibody Smad1/5/8/9 (NB100-56443) were from Novus Biotechnology.
Hematoxylin and eosin (H&E) staining
MC3T3-E1 cells were loaded onto 6-well plates (1×105 cells/ml) and cultured for 24 h with the standard conditions, then the culture medium was replaced with icariin solutions (0, 10, 20 and 40 ng/ml) and the cells were treated for 48, 72 and 96 h at each icariin concentration. For morphological observation, MC3T3-E1 cells were stained using hematoxylin and eosin (H&E) and observed using a microscope.
Cell viability assay
The MC3T3-E1 cell viability was measured by Cell Counting Kit-8 kit (CCK-8) (Shanghai Yisheng Biotechnology Co. Ltd, Shanghai, China). MC3T3-E1 cells were loaded onto 96-well plates (1×105 cells/ml) then cultured and treated the same as in the H&E staining section. The viability of the MC3T3-E1 cells based on its absorbance, which was measured on microplate reader at 450 nm (BioTek Instruments, USA).
Cell cycle assay
MC3T3-E1 cells were incubated with icariin solutions as in the H&E section for 72.
The cells were digested by trypsin and fixed in 70% ethanol for 12 h at 4 ˚C. After the cells were incubated with RNase A (Invitrogen, Carlsbad, CA, USA) and propidium iodide (PI), the cell cycle assay was performed on flow cytometry.
ALP activity assay
The ALP activity was measured using Alkaline Phosphatase Assay Kit (Yisheng Biotechnology Co. Ltd, Shanghai, China) on microplate reader at 48, 72 and 96 h of culture. Values of ALP activity were normalized based on the protein concentration, which was calculated from the bicinchoninic acid (BCA) protein assay.
Western blot analysis
The MC3T3-E1 cells were cultured as in the H&E staining section. The cells were lysed with RIPA at 4 ˚C for 1 h and the then total protein was extracted as reported.
Proteins were separated using 12% SDS-PAGE at a constant voltage (72 V), and electroblotted on polyvinylidene difluoride (PVDF) membranes at a constant-current 
Statistical analysis
Unpaired two-tailed Student's test of the GraphPad Prism Version 6.00 analysis software (GraphPad Software, Inc., San Diego, CA) was used to analyze the experimental results. Results were presented as the mean ± standard deviation (SD). P < 0.05 was considered to indicate a statistically significant difference.
Results
Effect of icariin on cell morphology
Cell morphology of treated MC3T3-E1 was observed by H&E dying and microscopy.
At 48 and 72 h, cells appeared polygonal and fusiformis and the nucleus was clearly visible in each group ( Fig. 1-1, Fig. 1-2) . At 96 h, cells were arranged closely. The cells appeared polygonal and scale-shaped and protruded more protrusions, which interconnected with each other (Fig. 1-3) . No observable differences of MC3T3-E1 morphology for each group were found. The results indicate that the icariin has no detectable effect on the morphology of MC3T3-E1 cells.
Effect of icariin on cell viability
The cell viability treated with 10 and 20 ng/ml of icariin was significantly increased compared to the control without icariin (P < 0.01) (Fig. 2A) . The maximal cell viability was the cell treated with the 20 ng/ml of Icariin. Cell viability with 20 ng/ml of icariin at 48, 72 and 96 h was significantly higher than that at 24 h and peaked on 96 h. The results demonstrate that icariin could increase MC3T3-E1 cells proliferation according to the dose and time.
Effect of icariin on cell cycle division
When MC3T3-E1 cells were cultured with icariin for 72 h, the group with 10 and 20 ng/ml of icariin showed increased ratios of S-phase cells and decreased ratios of G0/G1-phase cells compared to control group (0 ng/ml) ( Fig. 3-1) . These data demonstrated that icariin could increase MC3T3-E1 cell proliferation by stimulatingthe cell division.
Effect of icariin on ALP activity
The ALP activity among different groups (0, 10, 20 and 40 ng/ml) showed no obvious differences at 24 h. Whereas at 48, 72 and 96 h, the ALP activity increased significantly in 10 and 20 ng/ml icariin groups compared to the control (P < 0.01) (Fig.   4A ). ALP activity peaked on 96 h in 20 ng/ml icariin group and declined thereafter. As ALP is a maker of early osteoblast differentiation, these results demonstrate that icariin could promote MC3T3-E1 cells differentiation based on the dose and incubation time.
Effect of icariin on BMP-2, BMP-2R, Smad1/5/8 and Smad4 proteins expression levels
The effect of icariin concentration on BMP-2, BMP-2R, Smad1/5/8 and Smad4 protein expression levels was examined by Western blotting on 48, 72 and 96 h ( 
Effect of icariin on Runx2 mRNA expression
When MC3T3-E1 cells were incubated with icariin for 72 h, RT-PCR showed that
Runx2 genes were highly up-regulated in the 10 and 20 ng/ml group. The Runx2 mRNA expression level in the 40 ng/ml icariin group was slightly increased compared to the control (0 ng/ml), while lower than that of the 10 and 20 ng/ml groups (P < 0.05) (Fig.   6-1 ). This result indicated that certain concentrations of icariin could significantly increase the Runx2 mRNA expression in MC3T3-E1 cells.
Noggin could block the osteoblast proliferation and differentiation induced by icariin
To further explore the role of BMP-2 in proliferation and differentiation induced by icariin, MC3T3-E1 cells were co-cultured with icariin (0, 10, 20 and 40 ng/ml) and BMP-2 antagonist (Noggin; 100 ng/ml) (Sigma Chemical, USA). Noggin significantly inhibited the icariin induced cell proliferation (Fig. 2B) , cell cycle division ( Fig. 3-2) and ALP activity (Fig. 4B) , and suppressed protein expression levels of the BMP-2 ( Fig.   5-2E ), BMP-2R (Fig. 5-2B ), Smad1/5/8 ( Fig. 5-2D ) and Smad4 (Fig. 5-2C ) proteins and the gene expression levels of Runx2 induced by icariin ( Fig. 6-2 ). These data demonstrate that icariin could induce MC3T3-E1 cells proliferation and differentiation via the BMP-2/Smads/Runx2 signal pathway.
Discussion
Icariin is a major flavonoid in Herba Epimedii, which has an osteogenic effect [18] [19] [20] . Studies have reported that icariin could increase the proliferation and differentiation of pre-osteoblasts, osteoblasts and rat bone marrow stromal cells [21, 22] .
Song et al. [23] reported that icariin could increase MC3T3-E1 cell proliferation and reduce cell apoptosis. Both of the cell proliferation and apoptosis are associated with increased mRNA levels of positive regulators of cell cycle gene Cyclin E and proliferating cell nuclear antigen (PCNA). In the same report, Song et al. [23] also showed that icariin could decrease mRNA level of negative regulator gene, Cyclindependent kinase 4 inhibitor B (Cdkn2B), and reduce caspase-3 activity. Our results also showed that icariin could increase the MC3T3-E1 cells proliferation by stimulating cell cycle division.
ALP, as a marker of early osteoblast differentiation, began to appear in the extracellular matrix synthesis phase and reached its peak in the mineralized nodule formation phase [24] . In this study, MC3T3-E1 cells cultured in the 10 and 20 ng/ml of icariin exhibited the significantly increase in ALP activity (P < 0.01). Our results indicate that icariin has osteogenesis function by stimulating osteoblasts differentiation in vitro.
Bone Morphogenetic Proteins (BMPs) are in the transforming growth factor-β (TGF-β) superfamily, which is important in the regulation of bone induction, maintenance and repair [25] . BMP-2 has been considered to be the most active osteogenesis factor in TGF-β superfamily. Studies showed that BMP-2 could strongly promote the proliferation and differentiation of pre-osteoblasts, osteoblasts and bone marrow stromal cells [26, 27] . BMP-2 binds to the transmembrane receptor (BMPR) to activate the heterotetrameric serine/threonine kinase. The activated receptor then phosphorylates the regulatory Smadl/5/8, which interacts with the common mediator Smad (Smad4) and forms a heteromeric complex [27] . The complex then relocates into the nucleus, thereby regulating the transcription of the target gene Runx2, which is a multifunctional transcription factor regulating the development of bone by promoting the differentiation of chondrocytes and osteoblasts [28] . This study suggested that icariin not only increased the expression levels of BMP-2 the same way as our previous study, but also promoted the BMPR-2, Smad4, Smadl/5/8 proteins which up-regulated the gene expression levels of Runx2 based on the dose. These results indicate that icariin might up-regulate the expression levels of BMP-2 to activate the BMP-2/Smads/Runx2 signal pathway, which regulates the MC3T3-E1 cell proliferation and differentiation. Continued studies are necessary to confirm this.
The changes of indexes mentioned above were observed when Noggin, a BMP antagonist [29] , was added to MC3T3-E1 cells. It showed that Noggin blocked MC3T3- The MC3T3-E1 cells were co-cultured with different concentrations of icariin (0, 10, 20 and 40 ng/ml) and Noggin (100 ng/mL) for 72 h. All the RNA was isolated and realtime PCR was performed to measure the mRNA expression levels of Runx2, which were normalized on the basis of GAPDH concentration. Each value is the mean ± SD, *P < 0.01; #P > 0.05, versus the control group (Icariin 0 ng/ml).
